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We consider LV Gravity.

We constrain its parameter space

Is the theory left over



WHY are we interested on Lorentz Violations in Gravity?

- Why not? Is Nature really Lorentz 
invariant?

Precision tests in the matter sector
Gravitational physics is mostly tested in the non-relativistic limit

(Local tests in the solar system, large scale cosmology)
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- Quantum Gravity Hořava 
Gravity 

Renormalizable (at least in some cases )
Can provide a UV completion for GR

Formulated as a standard field theory



WHY are we interested on Lorentz Violations in Gravity?

Einstein-Aether Gravity 
EFT approach to Lorentz Violation in Gravity

The vector U sets a universal preferred frame
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𝜇
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Jacobson & Mattingly, 2000



WHY are we interested on Lorentz Violations in Gravity?

Einstein-Aether Gravity 
Three propagating modes
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WHY are we interested on Lorentz Violations in Gravity?

Einstein-Aether Gravity 
Three propagating modes

𝑔𝜇𝜈 , 𝑈
𝜇

𝑐1 + 𝑐3 = 0- GW propagate at c=1

𝑐1 − 𝑐3 = 𝑐𝜔, 3𝑐2 = 𝑐𝜃 ≤ 𝒪(1)- Solar system tests

𝑐𝜔 → ∞- The limit of HG Foster & Jacobson, 2006
Bonetti & Barausse, 2015

Muller, Williams & Turyshev, 2008
Will, 2006

Carrol & Lim, 2004
Abbott et al. 2017

Horava, 2009
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How do we constraint the parameter space of EA?

- Violations of the strong equivalence principle 

In modified theories of Gravity, compact objects do not move on geodesics of the metric

In the point particle approximation this is parametrised by sensitivities

The sensitivities also control the emission of gravitational waves in binary systems of 
compact objects  i.e. binary  pulsars

𝑆 = −∫ 𝑑𝜏𝑚 𝛾 ,𝑚 𝛾 = 𝑚0 1 + 𝜎 1 − 𝛾 +⋯ , 𝜎 =
𝑑log𝑚(𝛾)

𝑑log𝛾
|𝛾=1

𝛾 = 𝑢 ⋅ 𝑈 = 𝐹(𝑐𝑖)



How do we constraint the parameter space of EA?

-As pulsars move the period of the 
orbit change due to emission of GW

Foster, 2007
Yagi, Blas, Barausse & Yunes, 2014
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How do we constraint the parameter space of EA?

-As pulsars move the period of the 
orbit change due to emission of GW

-However, instead of the c_i couplings, we use a different parametrization

𝛼1, 𝛼2, 𝑐𝜔, 𝑐𝜎 Foster, 2007
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WHAT is left is a version of Horava Gravity

Minimal Horava Gravity (mHG)
Only one coupling left (λ-theory)

U is hypersurface orthogonal 

𝑆 =
1

16𝜋𝐺
∫ 𝑑4𝑥 −𝑔 −𝑅 − 𝜆𝛻𝜇𝑈

𝜇𝛻𝜈𝑈
𝜈 − α(𝑈𝜇𝑈𝜇 − 1)

Cosmological dynamics is different from GR

Constraint analysis shows that the theory is in general 
different (but there were claims based on asympotic 

flatness)

The scalar mode is strongly coupled (not a problem) Loll & Pires, 2014
Belllorin & Restuccia, 2012

Henneaux & Kleindschmidt, 2010



WHAT is left is a version of Horava Gravity

Minimal Horava Gravity (mHG)
Only one coupling left (λ-theory)

U is hypersurface orthogonal 

𝑆 =
1

16𝜋𝐺
∫ 𝑑4𝑥 −𝑔 −𝑅 − 𝜆𝛻𝜇𝑈

𝜇𝛻𝜈𝑈
𝜈 − α(𝑈𝜇𝑈𝜇 − 1)

Quasinormal modes are independent of 𝜆

Spherical collapse is independent of 𝜆

(non-rotating) Black holes are Schwarzschild (although they allow for extra couplings with U)



CONCLUSIONS

- Lorentz violating Gravity is a possible option for modifying GR

- The parameter space of the theory at low energies is constrained

- A version of Horava Gravity survived and remains possible

- Further constraints seem to require exploring higher energies
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